IntrODuCtIOn
Concerning medical errors and patient safety, physicians take a central role in the healthcare system. On the one hand, physicians can prevent errors, ensure patient safety and follow-up on errors to prevent further harm. On the other hand, they also can generate errors, near misses and preventable adverse events. Physicians have complex tasks in stressful, error-prone situations 1 and have to deal with the consequences of errors 2 or near misses. 3 Additionally, physicians themselves might be affected by an error and, as a 'second victim', can also be traumatised and suffering from the error. 4 In recent years, the importance of developing skills to deal with medical errors for all professions in the healthcare setting has become clear. [5] [6] [7] Although various international committees have demanded the early integration of medical error and patient safety educational structures for medical professionals, [8] [9] [10] thus far, there are very few international publications describing implemented formats for undergraduate medical education. 11 In Germany, where the sample of the present study is taken from, there only exist a few of those structures with little consistency. 12 strengths and limitations of this study ► This study is one of the first examining medical students' behavioural intentions towards medical errors using qualitative methods. ► Case vignettes are shown to be a useful method to investigate influences on behavioural intentions. ► How the students would actually behave in the case vignettes' situations is not part of this research. ► The relationship between behavioural intentions and actual behaviour in the context of medical error is not investigated in this study and needs to be the focus of future research. ► Participants represented a sample of German medical students, thus the results must be transferred with caution when applied to different settings or target groups.
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When new educational structures are developed, the students' attitude towards the topic of teaching has to be taken into account. 13 While there are studies exploring the residents or physicians in training's attitudes concerning medical errors, [14] [15] [16] only a few studies about students' attitudes towards medical errors exist. 17 18 By using quantitative approaches, some studies have shown that first-year medical students' attitudes support an error-friendly environment and state that they would disclose errors and do everything they can to ensure patient safety. 11 19 20 But, if an error would happen to them, students have limited knowledge about what to do and they also feel uncertain about how to handle the situation if a colleague had made an error. 11 Most of the recent studies investigating the attitudes of medical students focus on the occurrence of disclosure, emotions and the fear of malpractice litigation. 21 Martinez and Lo 22 conducted a study examining medical students' experiences with medical errors by analysing anonymous descriptions of medical errors they had committed or witnessed. They show that many medical students had made or observed significant errors, and that students experienced severe distress and uncertainty. Moreover, in the population of this study, students reported high motivation to disclose the error to patients and to take responsibility.
Understanding undergraduate medical students' behavioural intentions could be another approach to investigating this very sensitive subject and to leave aside the pressing ethical issues emerging when discussing actual cases. Behavioural intentions are defined as the hypothetical actions people intend to choose in a specific event and have been concluded to be a valid proxy measure for behaviour among clinicians. 23 A study by Muller and Ornstein 24 investigated how students would feel after committing a hypothetical error and showed that feelings depended on the outcome to the patient. The more harmful the outcome was, the angrier the students would be towards themselves, the guiltier they would feel and the more afraid they would be of accusations and malpractice charges. Hence, factors such as the outcome of the patient after an error and the role or responsibility of the student (ie, being a witness or being the person who has made the error) may essentially influence the underlying behavioural intentions as well. However, in their study, it remained unclear what the students would actually do after committing an error, which will be the focus of our study.
Scientific approaches to describe attitudes and to understand behaviour or behavioural intentions are mainly based on qualitative research. In both medical studies and medical education research, qualitative research methods have been recognised as complementary and essential. Qualitative research intends to understand how people experience the world and seeks to reveal the underlying what and how of people's perceptions. 25 The main objective of the present case vignette study was to generate a basic comprehension of how undergraduate medical students deal with errors and to understand their behavioural intentions towards the topic. A qualitative research method was chosen to address the following research questions: 1. What kind of behavioural intentions do students express when they participate in a case with a medical error? 2. How do these behavioural intentions depend on factors such as the consequences for the patient, the presence of witnesses and their own role in committing error?
MethODs

Participants and setting
The survey was conducted using the online survey system Unipark (http://www. unipark. de/). The participants were recruited via email. All 38 German medical student councils forwarded the link to an online questionnaire via their mailing lists. All data were collected anonymously and the students' agreement to analyse the data was obtained before starting with the questionnaire. Participation was voluntary and those who participated took part in a lottery for book vouchers (10 vouchers with a value of €20). The online survey was filled out from a private computer and participants never came into personal contact with the researchers. 
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Each participant received one case scenario about a medical error, unaware that there were other versions. Six different cases (see the Materials section, table 1) were randomly distributed among the participants. Participants received a short, written introduction and the instruction to answer one open question. Another completely independent part of the questionnaire contained demographic data and quantitative data that are published elsewhere. 26 The ethics committee of the responsible medical faculty approved this survey (ethical approval number UE036-13). The study was partly funded by a Volkswagen Foundation grant.
Materials
Six different scenarios of a case vignette about a hypothetical, but realistic situation dealing with a medical error were developed (see table 1 ). The case vignette had been developed by the second author and an internist at Maastricht University Medical Centre and six scenarios were created based on the original idea from Van Mierlo et al. 27 The six scenarios were tested in the Netherlands 28 and translated into German for the present study. The scenarios were then piloted within 1 week on n=22 medical students, who commented on the functionality and comprehensibility of the scenarios. Data from piloting were not included in this study. Figure 1 Step model of inductive category development according to Mayring and Fenzl. 52 
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The case vignette scenarios differed regarding three factors: the physician whose acts caused the error (self or other), the presence of witnesses (present or absent) and the consequences of the medical error for the patient (negative outcomes or no effects). By varying these factors, we ended up with an overall number of six different case vignette scenarios (see table 1 ). After reading the randomly assigned case scenario, the participant was asked the open question: 'What would you do?' The question was answered in a free-text field.
Data analysis
To answer the first research question, data were analysed using a descriptive qualitative content analysis approach according to Mayring. 29 This process is illustrated in figure 1 , showing the general step model of inductive category development.
The coding process in our study was performed by all four authors and can be described as follows: the raw material was defined as all written answers, the unit of analysis was defined as one answer. In terms of familiarisation with the raw material, all answers were read by three researchers (MK, IK and JK) as the first step. In the second step (paraphrasing), all passages that did not directly correspond to the research question were removed (eg, decorating, repeating or clarifying utterances). One paraphrase was defined as a coding unit. Subsequently, all four researchers met and developed a coding scheme based on 25% of the data material. The passage of the text that best reflected the category was chosen as an anchor example. Exclusion and inclusion criteria for each category were specified as coding rules. After the development of the coding scheme, it was applied to the whole material by researcher MK. Thus, all passages of the text were coded into the coding system.
To manage data, no specific software for qualitative data except Microsoft Word and Excel was used. To clarify the coding process, an excerpt of the coding scheme is shown in table 2.
To ensure quality of the coding process in terms of inter-rater reliability, a fifth researcher (TK, not part of the author team) independently coded 10% of the material. The inter-rater reliability for the categorical data was tested using the same coding scheme, resulting in a Fleiss κ=0.84, indicating sufficient agreement. 30 At any time during the coding scheme's development and application none of the coders were aware to which case vignettes the unit of analysis belonged. Data saturation was discussed within the research team after development of the coding scheme, based on 25% of the data, and after finalisation of the coding process of all data. As all of the text's passages could be allocated to at least one of the categories that were defined by the coding scheme and no new categories had emerged while analysing the remainder 75% of the data, the researchers agreed that a sufficient saturation of data was reached for the purpose of the present study. Efforts were directed to examine both positive and negative cases; within the developed coding schema we were able to code all data.
In order to answer the second research question, the results were analysed distinguishing each case vignette scenario. The quantity of the categories that arose was counted, according to Wolcott's 31 procedure for transforming qualitative data. We explored differences between scenarios, which varied depending on patient outcome, error witness and cause of error.
During the process of coding the data we tried to continually and critically self-evaluate our individual position and personality and we acknowledge that our Open Access position may affect the research process and outcome, as is common in qualitative research and discussed under the term reflectivity. 32 results
Description of the sample
Altogether, n=320 students opened the online survey and n=159 students answered a case vignette. Due to dropouts (ie, students who opened the survey and thus got randomly allocated to a scenario but did not answer it) the distribution of participants to cases is uneven. Figure 2 shows the number of respondents per scenario and per factor. The participants were on average 24.6 years old (SD=7.9) and 110 of them (69%) were female. The majority of the participants were in the third, fourth or fifth year of their studies (n=107). Other students (n=27) were in their first year and second year and n=21 participants were in their final year; for n=4 no information was available. The category consideration to disclose covers coding units in which the student only considers disclosure or reflects on the possibility of telling the patient about the error, but is not sure of doing it.
Ideally, the correct reaction would be to tell the patient about the error and the resulting consequences in an explicit and understandable manner… (No. 
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Within the following categories statements are consolidated, in which the student describes that he intends to talk about the errorwith a superior or colleague (regarding the further course of action). (No. 6, scenario 1) I go to the respective colleague and discuss with him what we should do further; that is, first speaking with the senior physician or speaking directly to the team. (No. 55, scenario 6) Discuss with colleagues and Boss (depending on the boss…) (No. 88, scenario 2) Whether I would explain it to my boss, depends on my expectation of his reaction. (No. 228, scenario 1
Considering reporting
The theme considering reporting contains an overall number of two categories. They differ from those in the first theme by including statements about reporting the error in a written format instead of oral communication. Open Access
The category reporting in general covers statements in which the student explains that he would report the error but does not specify how he would do it, where he would report it, or to whom he would report it:
Then one must officially report this, I just don't know where. (No. 58, scenario 2)
If, additionally to the intention to report the error, the statement mentions a reporting system or equivalent structures, it is subsumed under the category reporting to an incident reporting system: Report in the potentially existing error reporting system (ie, Critical Incident Reporting System). 
Considering consequences
The theme considering consequences consists of five categories describing the consequences of the error or the next steps that one will undertake. The category actions resulting from the error includes statements that picture concrete actions that have to follow the error from the students' perspective, such as: If consequences other than a direct action were named or if the student reflects on a strategy for future prevention, the quote was assigned to the category consequences in general/prevention: The category personal learning covers statements that mention the conclusions that the student draws on for his or her own future actions:
I…am more sensitive towards this topic in the future so that such an error will not happen to me once again. (No. 132, scenario 3) The learning effect would probably be really big for me and I would learn from this error. (No. 228, scenario 1)
If the search for causes leading to the error was described, quotations are subsumed to the category cause analysis: Make sure that my error really has no effect or damage with the patient. If this should be, I wouldn't tell the patient in order to not unnecessarily concern [the patient]. (No. 32, scenario 3) I would explain the incident to the patient and pointout that this has really negative consequences for her. transformed qualitative data Regarding the overall frequency of codes, it showed that in total 406 quotes were coded (see table 2 ). Categories containing the largest numbers of quotes were disclosure of an error to the patient (n=47; 30%), communication with the superior/chef (n=46; 29%), communication with colleagues (n=45; 28%) and actions resulting from the error (n=42; 42%). Many students wrote quotes that were subsumed into categories considering communication with somebody else, rather than with the patient (n=107). About half of the students made statements regarding the issue of disclosure of the error: overall n=77 (56%) quotes were subsumed to one of the four categories comprising the topic (disclosure of an error to the patient, considering disclosure, considering no disclosure, concealment). Only a minority of the students (n=25; 16%) considered reporting the error, and only a few (n=5; 3%) mentioned to report it in an incident reporting system. Categories considering emotional responsiveness contained proportionally few quotes (n=66; 41%) within meaning for the patient (n=27; 17%) were counted the most frequent.
Comparison of the case vignette scenarios
In order to answer the second research question, how (A) cause of error, (B) error witness and (C) patient outcome affect students' behavioural intentions, we consider table 3 and present the most outstanding results below. Table 3 shows a descriptive overview of the distribution of the categories over all the case scenarios. Percentages refer to the proportion of participants who mentioned the particular category in reply to the characteristic of the case vignette scenarios.
Error cause
When a colleague caused the error in the case vignette scenario, more students would communicate with the colleague (78% vs 13%), take preventive action in general (16% vs 9%) and report the error (19% vs 11%) than when the student caused the error him/herself. For the scenarios in which the student caused the error himself, guilt (6% vs 0%), uncertainty/doubts (17% vs 8%) and excuse to the patient (22% vs 14%) were reported more frequently than when a colleague caused the error.
Error witness
Scenarios in which a witness observed the error evoked more quotes concerning both disclosure to the patient (40% vs 21%) and emotional responsiveness towards the meaning for the patient (22% vs 11%) than those scenarios without a witness. Additionally, the categories concealment (0% vs 13%) and uncertainty/doubts about how to deal with the error (10% vs 24%) appeared less frequently in scenarios involving a witness than without a witness.
Patient outcome
If the outcome of the scenario was negative for the patient, more students mentioned disclosure of the error to the patient (35% vs 22%), communication to the superior/ chief (34% vs 22%), reporting of the error in general (16% vs 8%) and actions resulting from the error (31% vs 20%) than when there were no negative outcomes for the patient.
In the scenarios in which the error did not have negative outcomes for the patient, students mentioned more often the consequences in general (19% vs 5%), personal learning (8% vs 0%), cause analysis (15% vs 5%) and meaning for the patient/patient's perspective (23% vs 13%) than when the patient suffered from the error.
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DIsCussIOn
This study aimed at obtaining insight into medical students' behavioural intentions after having observed or having caused a hypothetical medical error. The qualitative analysis of students' written answers on how they would deal with a hypothetical error case scenario revealed four main themes: communication, reporting, consequences and emotional responsiveness.
We explored how students' behavioural intentions are influenced by three fundamental characteristics of the setting in which the error took place.
First, it showed that the behavioural intentions might be influenced by whether the error was made by oneself or not. When the student him/herself caused the error, the emotional responsiveness was more dominant, whereas when a colleague caused the error, students felt more inclined to communicate, to report the error and to take preventive actions. Second, our data suggest that the presence or absence of a witness influenced the students' intentions to communicate about the error, and also their emotional responsiveness. Students showed more empathy with the patients and more often intended to inform the patient about the error if a witness was present. With a witness present, students also were also more certain about how to deal with the error compared with situations in which nobody saw the error. Third, the outcomes of the error for the patient appeared to influence students' behavioural intentions. In the case of negative outcomes, attention was directed towards communication with the patient or the superior/chief, reporting the error and actions to limit the harm caused by error. Meanwhile, in cases in which the patient was not harmed, students used the error as a chance to improve the healthcare system and their own competences by analysing the causes of the error, reflecting on options for prevention and the meaning for the patient, as well as using the error for personal learning.
Our findings suggest students consider different ways to handle errors: there are those who react emotionally and are uncertain of what to do, and those who were able to express behavioural intentions targeting preventive actions. It seems that when students are involved in the generation of errors, the existing cognitively driven behavioural intentions become dominated by the emotional responsiveness. In this case, the students anticipate an emotional response, considering the meaning for a patient, are emotionally touched, even feel guilty and experience uncertainty. This ties to early work of William Osler who proposed that good physicians are somewhat detached from their patient's suffering in order to function well. 33 This highlights the importance of establishing educational approaches for practically dealing with errors, while also coping with emotions caused by these special situations, preferably in the undergraduate medical education. The scarce evidence on patient safety courses shows that while protocols, algorithms and knowledge have an important part in preventing an error, they cannot prepare for the emotional response that comes with involuntarily harming a patient or being involved in an error. 34 In this line, Patey and colleagues 35 did not find a difference after a training for medical students about feelings when making errors. It seems that thus far, medical educators are not equipped in how to stimulate, teach or test emotional preparedness when facing negative consequences for the patient. In medical practice, the need for emotional preparedness becomes even more imperative. In a survey of over 3000 physicians in internal medicine, a majority had anxiety about future errors and their job-related stress increased, even when involved only in near misses. 34 Apart from offering training approaches, the call for organisational accountability due to emotional impact on physicians has been emphasised. 36 Even if emotional reactions in terms of empathy can be considered as an important skill for a physician, especially in those incidents where patients have suffered, changing protocols and taking actions for safer healthcare should be of high importance. 7 Thus, both issues are important aspects that, according to the authors' opinion, have to be integrated and trained in patient safety curricula.
Students in our study also emphasised the importance of communication to the patient involved (ranging from disclosing to the patient, to considering not to disclose, to concealment), as well as talking about the error with colleagues, nurses, the superiors or others. This finding highlights the importance of courses including error disclosure for medical students, 35 37 and team communication courses. [38] [39] [40] Hypothetical cases, like in the vignettes, or one's own cases could be discussed within group coaching sessions to enhance deep learning on (near) errors. 41 The inclusion of the students' consideration of if and when to speak to their superiors depending on the (imagined) atmosphere within the team was especially interesting. In the literature, this resembles the construct of psychological safety, shown to be important for leader inclusiveness in healthcare. 42 In his second assessment of progress in 10 key patient safety domains called 'Patient Safety At Ten: Unmistakable Progress, Troubling Gaps,' Wachter 43 states a drop in implementation rates of training initiatives, as only few organisations adopt robust teamwork, culture change or simulation programmes (ie refs 44 45) . Some students intended to report the error to an incident reporting system, or otherwise in terms of sharing the error experience with the healthcare organisation, but did not know how to do so. This is in line with the finding of Toennessen et al, 46 who have shown the need for more information concerning patient safety reporting. Further, it ties to the findings of Martinez and Lo, 22 who showed that students who witnessed physicians take responsibility for errors and disclose errors to patients said that they aspired to these standards.
The various consequences of the error and of the actions students would intend to take included extra medical care for the patient and informing the patient about legal aspects, as well as learning from the error for future improvement. The latter contains cause analysis Open Access to better understand how the error could happen, plans or thoughts on how the error could be prevented and personal learning about individual knowledge and skills that may need improvement. [47] [48] [49] Our results are in line with the findings that students generally have a positive attitude towards patient safety and are generally willing to participate in patient safety initiatives.
11 19 20 Our results underline that knowledge of what to do in the case of an error is limited for most students (cf ref 11 ). We were able to gain more insight into the findings by Muller and Ornstein, 24 who have shown that the more students were emotionally involved in the error, the more they were afraid of litigations. Our results add to this result that students generally have some knowledge on how to handle errors and have ideas whom to communicate to and did express the wish to disclose the error to the patient, as well as the wish to let the organisation and team learn from the error.
limitations One limitation of the study might be the transferability of our results, as our sample included German medical students only, and only German and Dutch researchers coded the data. Thus, other researchers need to take caution when interpreting the results and our findings should be confirmed in other countries and cultural settings .
Recruitment might have impacted our data as participation was voluntary and compensation was only small. Compensation might also have influenced the recruitment, but compensation was so limited that potentially only students interested in the subject participated.
Furthermore, not all participants were exposed to the same scenario, what might potentially reduce the richness of data. However, we chose our study design to expose differences in medical students' behavioural intentions through the different scenarios. The scenarios were originally developed for residents, but we piloted the scenarios on a smaller sample, and given the richness of the data we do believe they can also be used with medical students. In our sample, we neither differentiated between the years of study nor did we investigate the behavioural intentions of residents. There is a possibility that the final semester students' professionalism increases and more students would handle errors appropriately once the medical education programme is finished. Investigating the differences in behavioural intentions throughout the years of study would be an interesting focus for future research.
Although behavioural intention is more closely linked to behaviour than attitude, it is still not the actual behaviour and the link between both needs to be studied more deeply. However, if medical students do not know what to do and do not have any intention to perform a certain way in case of an error, the probability of showing appropriate behaviour is seen as highly unlikely. 50 Further studies could potentially use the methodology of case vignettes with errors and give adaptive feedback depending on their free-text answers, 51 that is, in order to convey norms of reporting, error disclosure and communication.
Last, we chose to do a quantitative transformation of the qualitative data to compare the influencing factors. Our conclusions are to be seen as observations from qualitative data and not to be confused with statistically sound comparisons of interval-scaled data.
COnClusIOn By using standardised case vignettes and qualitative research methods, we are beginning to better understand the driving forces between anonymous reporting, error disclosure and concealment. Students need to understand that dealing with errors is part of being a physician. Medical educators need to understand that it is necessary to educate students in a way that they know exactly what to do when dealing with an error, and are equipped with effective coping strategies for dealing with strong emotions, so that they are enabled to adequately handle the situation.
